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ARSTRACTYT

This paper reports a preliminary study resultof anon- board spaceborne SAR processor. It consists of a
processing requirement analysis, functional specifications on customn hardware., and consides ation on
implementation approaches. Finally, a minimum version of this on-board processor’ designed for
performance evaluation and for partial demonstration is illustrated.

1. INTRODUCTION

Spaceborne SAR processing for NASA SAR missions has been carried out by ground processing
facilitics for two decades. Processing the SAR data on board the spacecraft was an unachievable goal due
to lack of necessary technology. Until recently, the capability of a spaceborne computer has been below the
range of several million instructions per second. As a comparison, to achieve real-time SAR processing
suchas a Seasatlike mission, it requires at least 10 gigs floating point operations (GF1.OP) per second.
However, the recent aggressive advancement inthe vary large scale integrated circuit (V] .S1) technology
has dramatically reduced this gap. On-boar d computer Wit t 1 over one GEFL.OP capability has already
}f)m sued by several vendors. Thus, on-board SAR processing will be a promising alternative in the near

utuic.

The advantages of processing the, SAR data on-board are the followings.  First, it alows a higher
precision (more bits) SAR data fed into the processorto generate bet ter quality itnage. Second, it would
enable a more effective data compression to reduce the down hnk data rate and the amount of data to be
archival. ‘I’his is very criticalto the success of @ multi-band and multi-pola rization radar to be flown in the
near future. T'hird, it reduces the cost associated With giound data processing operations.}ourth,it
provides a quick feedback to the radar controller to ensure properadar operation such as using the tori‘cct
pointing angles and radar parameters for various types of targets.

2. PROCESSING REQUIREMENTS

Prior spaceborne SAR missions including Scasat, HRS, JERS, and SIR series mapped the Farth
surface by using a strip mode ope ration. The newly launched RATIARSAT and future Y INVISAT further
include a wide swath imaging mode named ScanSAR. Both of these imaging modes are considered as basic
processing capabilities required by the on-board pr ocessor.

2.1. Strip Mode Algorithms

A strip mode SAR system is the mostcommon imaging SAR system. Algorithins for processing a
strip mode SAR include (] ) range-Doppler algorithm [ 1], (2) time domain algorithm, and (3) chirp scaling
algorithin [2]. Among these algorithins, only (11 ) and (3) will be considered here due to therr higher
till' OLI#~ILIt rate performance.

The range-l >o~y>ler algorithm basically is limitedto apointing near’ zeroDoppler. But, when
combined with the secondary range compression [3] , it may accommodate a relatively larger 1Joppler
range. In general, it is capable of strip mode SAR processing over alimited range of squint angles. This
algorithm 1S very efficient and having a very goodimage quality. But, its phase accuracy is worse than the
chirp scaling algorithm. ‘I"his algorithm is considered as a candidate algorithm for a stripmode SAR on-
board processing when SAR squinting is notrequit ed and when its phiase accuracy meets the system
requirement. The data ftO, diagram of this algorithm is depicted in Figure 1.




. Thechirp scaling algorithm 1s capable of handling SAR data with very large squintangles and hasa
very accurate phase in its complex image. The disadvantages of this algorithm is that ( 1 ) it is inefficient in
handhmY large changes of the I)opp]m centroid wnhx.moc (2) its efficiency may be degraded by an
1mpexlccuaddr chirp (nonlinear 'M), and (3) it is only an approximation for non- rectilinear geometry.

Since itis complementary to the range-Dappler algorithm, it is also considered as a candidate  processing
algorithm for astripmode SAR.

2.2. ScanSAR Mode Algorithm

There exists several similar algorithms for ScanSAR processing. A relatively well known algorithm
is the SPECAN [4] processing algorithm. The SPECAN algorithin is computationally efficient. It has a
very good image quality when the range migration of each target observed in eachradar burst is
‘1})1)10)(1]]](1[(‘])/ linear. Since the ”])aog gcnmalcd from the SPHCAN le"()l]lhl]] isin range- Jlopplcr
coor dinate, It must be resampled | nto a proiection coordinate before look overlay or beam- to-beam
mosaicking. The data flow diagram of this al gorithm is depicted in Figure 2.
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2.3. ¥LOPS and Mem ory Size

The amount Of arithmetic operations required must be estimated for assessing the processor
‘compatation load requirement. For real-tilrm SAR processing, this load is a function of the input data rate,
which is determined by the range sampling bandwidth fg scaled by the product of range gate window
duration Tg and the pulse repetition frequency PRE. The real-time pr ocessing throughput rate requirement
is therefore the product of the SAR input data rate and the mean nummber of floating point operations
(11.0P) required for each input pixel.

The amount of memory required for SAR processing is cstimated based on the required input and
output buffer size of eachstage for each algorithm. This size is aso a function of the radar operating
wavelength. ] .sted in Table ] arc the computation load and memory size requirement for both the strip
mode and ScanSAR mode algorithms. The chirp scaling algorithm IS more demanding than the range-
Doppler algorithn. The SPECAN algorithm is relative less demanding than the stiip mode algorithms.
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- 3. CUSTOM HARDWARE SPECIFICATIONS

A programmable on-board SAR processor implemented on a general purpose computer is of great
interest in the future. This approach is studied by estimating the required processing capability through
benchmarking the effcective F1.OP of several candidate platforms.

A more practical approach at the present time 1S based on custom hardware. A fully pipelined on-
board SAR processor isshown in Figurc 3. However , inorder to reduce the costof such an approach, one
must minimize the number of functional modules by incorporating slightly (it fferent functions into a single
functional module. The planned functional modules include FET, memory handling, reference generation
and multiply, interpolation, anti post image processing.

Specifications of cach SAR functional module is brietly described in the following:

« The FE¥I'module perforins a standard BT and can be implemented by using an array of DSP chip (c.g.
BDSP9124 of Butterfly DSPinc.) . The 50-Mhz [1IM}’91 24 does a 24 bit complex 1024-FF 1 in 64 uS.

. The memory handling module shall be capable of data buffering, strip mode corner turn, and ScanSAR
mode corner. The memory handling module is based on a ping-pong buffer ai chitccture With a multi-mode
address control. The nulti-mode address control supports the following configurations: one-IN-two-OUT
insamec dimension, onc-IN-one-QUT in different ditnension, onc-IN-two-QU'T in sane dir nension, one -
IN-two-OUT in different dimension. The requirement of minimum number of bits needed to represent a
SAR complex or real sample is derived and used to minimize [he required power and weight of the meniory
handling module.

.The reference generation and multiply is based 011 a multiple L.UTs method which generate 1 -1) and 2-D
polvnomial functions anti weighting functions. It takes sine and cosine Of the polynomial functions, and
multiplies with [he SAR data.

* The interpolation module is based on a programmable iuner -~jrodi]c[-like processor which performst -3)
weighted sum interpolation along either dimension o1 2-1) weighted surn interpolation.

.The postimage processing module is based on a DSP arr ay which perforins image detection, overlay, and
look normalization.
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Figure 3 A fully pipeline architecture of an on-board SAR processor.




AL AN EXPERIMENTAL ON-BOARD SAR PROCESSOR

Figure 4 shows an architecture diagram for an experimental on-board SAR processor based on
custom hatdware. The host computer is a PCl/PowerPC based computer. Special SAR hardware modules
are integrated into @ single PCI card cage.  The five functional modules defined in- section 3 can be
implemented onto a conflgurable processor board. 1 ‘igure 5 shows anarchitecture diagram of this
configurable processor’. It includes a PCI interface, al ‘1’ GA based controller,a DSP array processor, a
multi-mode memory handling unit, areference generation and multiply, and a SAR data direct input/output
interface. The processor bead €an be configured forthree SAR processing stages shown in Tigure 3 : (1)
a 2-D frequency, domain range compressor, (2) a 2-D frequency domain azimuth compressor, and (3) an
inter polation and post image processing board.  The proposed SAR processor based on custom hardware
provides an effective solution to achicve a high- performance low-power SAR processor for on -board
applications at a datively low cost,
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Figure L. Anexperimental SAR processor Figure 5. Anunified processorar chitecture for different
based on a custom hardware. SAR processing stages.

5. SUNMMARY

A preliminary report on the study result of spaceborne SAR on- board processing is presented. Both
strip mode and Scan SAR m ode processing algorithims are studied. Implementation apy rroaches include
genetal purpose co mputer based systemandcustomn hardware based systemn. An experimental SAR
processor architecture 1S presented.
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